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In July of 2015 NASA publically released a new set of Technology Area Roadmaps that will 
be used to help guide future NASA-funded technology development efforts.  One of these 
was the Thermal Management Systems Roadmap, often identified as TA14. This Roadmap 
identifies the time sequencing and interdependencies of high priority, advanced thermal 
control technology for the next 5 to 20 years.
Available funding limits the development of new technology. The Roadmaps are the first 
step in the process of prioritizing HQ-supported technology funding.  The 2015 Roadmaps 
are focused on planned mission architectures and needs, as identified in the NRC-led 
science Decadals and HEOMD’s Design Reference Missions.  Additionally, the 2015 
Roadmaps focus on “applied “ R&D as opposed to more basic research.  
The NASA Mission Directorates were all closely involved in development of 2015 Roadmaps, 
and an extensive external review was also conducted. 
This talk will discuss the Technology Roadmaps in general, and then focus on the specific 
technologies identified for TA 14, Thermal Management Systems.
4Introduction to Technology Roadmaps
3/2/2016
Technology Portfolio Management
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Roadmaps – A set of documents that consider a wide 
range of needed technologies and development 
pathways for the next 20 years.  The roadmaps focus on 
“applied research” and “development” activities.  
http://www.nasa.gov/offices/oct/home/roadmaps/index.html
Strategic Technology Investment Plan (STIP)– An 
actionable plan that lays out the strategy for developing 
the technologies essential to the pursuit of NASA’s mission 
and achievement of National goals.  This plan provides the 
prioritization and guiding principles of investment for the 
technologies identified in the roadmaps.
NASA Technology Executive Council (NTEC) - NASA's 
senior decision-making body for  technology policy, 
prioritization, and strategic investments.
TechPort – Web-based software system that serves as 
NASA’s integrated authoritative technology data 
source and decision support tool. Provides 
information on technology programs and projects.  
http://techport.nasa.gov
Decisions of Technology
Policy, Prioritization and
Strategic Investments
TechPort
What We Are Doing
NTEC and Budget Process
What We Will Do
SSTIP (Priorities)
What We Should Do
Introduction to Technology Roadmaps
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Roadmaps
What We Could Do
2015 NASA Technology Roadmap
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Technology Roadmap Updated
Considers
• Updates in Science Decadal surveys
• Human Exploration capability work
• Advancements in technology
Includes:
• State-of-art
• Capability needs
• Performance goals
Aeronautics technology
Autonomous systems
Avionics
Information technology
Orbital debris
Radiation
Space weather
Expanded Scope:
2015 Technology Roadmaps Facts:
340 people contributed (authored content)
This included input from all NASA Centers, 
organizations, industry and government.  Others 
provided edits during Center and HQ reviews.
The 2015 NASA Technology Roadmaps are 
comprised of:
• 16 sections
• 15 technology areas
• 2,100 pages
• 1,278 technology candidates
Since the 2012 Roadmaps were released, the 2015 
Roadmaps have been expanded to include:
44 new level 3 Space Technology Areas that will 
be evaluated by the NRC.
Technology Areas: 1, 4, 5, 7, 9, 11, 13, and 14 
2015 NASA Technology Roadmap
Reflected Changing Needs
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NASA relies on the science community to identify and 
prioritize leading-edge scientific questions and the 
observations required to answer them. One principal 
means by which NASA’s Science Mission Directorate 
engages the science community in this task is through 
the National Research Council (NRC). 
2013 – Visions and Voyages for Planetary Science*
2012 – Solar and Space Physics: A Science for a 
Technological Society*
2010 – New Worlds, New Horizons in Astronomy and 
Astrophysics*
2007 – Earth Science and Applications from Space: 
National Imperatives for the Next Decade and 
Beyond
*   The top three of the Decadal surveys are new and 
have  influenced the Technology Roadmap updates
Include updates in new Human 
Exploration, Science, and Aeronautics 
mission needs:
• Human Exploration mission classes and 
design reference missions derived from 
Capability-Driven Framework and Human 
Spaceflight Architecture studies
• Science mission classes and design 
reference missions derived from decadals 
and Science plans
• Aeronautics content from Thrust Areas
and Aeronautics Research and 
Development Plans
Technology Roadmap Based On
NASA’s Capability Driven Framework
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15 Technical Area Sections
General Format
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16 Sections
• Introductory/Crosscutting 
Section (Includes Index)
• 15 Technical Areas
Main Body
Technology Candidate SnapshotsFind the roadmaps at: 
www.nasa.gov/offices/oct/home/roadmaps/index.html
TA 14: Contributors
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External Review
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2015 draft Technology Roadmaps Released 
to the Public on May 11, 2015
 Press Release
 Federal Register
 FedBiz Ops
 Request for Information
 Multiple news stories followed
77 Letters Sent by NASA Announcing 
Release and Requesting Input:
 Other Government Agencies
 Commercial Industry Associations
 Academic Institutions
 International Partners
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Other Government Input to Roadmaps
Constructive and positive feedback on roadmaps from review
Two rounds of reviews coordinated with other government agencies.  
Examples of participants:
• July 2014 review of draft:
 Department of Defense
• US Army Development and Engineering Center 
• Air Force Research Laboratory (AFRL)
• Office of the Secretary of Defense/Acquisition, 
Technology & Logistics
• Air Force Space and Missile Test Branch
 U.S. Department of Energy
 Department of Transportation, Federal Railway Administration
 National Oceanic and Atmospheric Administration (NOAA)
• May 2015 review:
 AFRL
 Defense Advanced Research Projects Agency (DARPA)
 Missile Defense Agency (MDA)
 Department of Transportation, Federal Aviation Administration 
(FAA)
 NOAA 
 4 International Space Agencies
14
Office of the Secretary of Defense, 
Director, Space and Sensors Systems 
Research Directorate:
“The Col found your roadmaps to be 
well-structured and identified the correct 
state of the art.  In addition, your 
discussions of the technical issues 
barring the future were very well done”
3/2/2016
1515
NASA’s Roadmap and Strategic Space Technology Investment Plan 
Used During FY 2013 - FY 2015 Procurement Solicitations
NASA Innovative Advanced Concepts (NIAC) Phase II
Space Technology Research, Development, Demonstration, and Infusion-
2015 (Spacetech-reddi-2015)
Small Spacecraft Technology Program Smallsat Technology Partnerships
Game Changing Development Program, Ultra-lightweight core Materials for 
Efficient Load-bearing Composite Sandwich Structures
Technology Advancement Utilizing Suborbital Flight Opportunities NASA 
Flight Opportunities (FO)
Sources Sought: NASA Opportunity Notice to Participate in its Centennial 
Challenges Program as an Allied Organization
Space Technology Research, Development, Demonstration, and Infusion 
2014(SpaceTech-REDDI-2014) 
NASA Innovative Advanced Concepts (NAIC), Phase I, 2014 NRA 
Space Technology Research Grants Program, Early Stage Innovations, 
2014 NRA 
Game Changing Development Program, Advanced Oxygen Recovery For 
Spacecraft Life Support Systems 
Center Innovation Fund
NASA  Space Technology Research Fellowships (NSTRF) – Fall 2013
Space Technology Research Opportunities – Early Stage Innovations 
(STRO-ESI)
SmallSat Technology Partnerships FY13 CAN
2013 Cooperative Agreement Notice - Dual Use Technology Development at 
Stennis Space Center 
STMD
Request for Information to Identify Technology Science And 
Exploration System Demonstration Payloads 
HEOMD
Cooperative Agreement Notice (CAN) 2015 Technology 
Advancing Partnerships (TAP) Call At NASA John F. 
Kennedy Space Center
Cooperative Agreement Notice (CAN) 2015 Experimental 
Program To Stimulate Competitive Research (Epscor)
Experimental Program to Stimulate Competitive Research 
(EPSCoR)
Technology Advancing Partnerships (TAP) Challenge at NASA 
John F. Kennedy Space Center, Cooperative Agreement 
Notice (CAN) 2014
Propulsion Technical Expertise Technical Information 
Management and Logistical Support of the National Institute 
for Rocket Propulsion Systems and the Joint Army Navy Air 
Force Subcommittees
Other
FY 15
FY 14
FY 13
FY 15
FY 14
FY 13
FY 13
Note:  SMD’s ROSES procurement in FY 2016 will ask for submissions to 
identify Technology Roadmap TA’s for each submission
NASA is embracing the Roadmaps and Strategic Technology Investment Plan
Example Solicitations where they were cited:
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TA 14: Thermal Management Systems
• Acquire, transport, and reject heat, as 
well as insulate and control the flow of 
heat to maintain temperatures within 
specified limits.  Virtually all spacecraft 
and related equipment require some 
level of thermal control, some much 
ore tightly controlled than others, and 
the design approach and technologies 
employed vary widely depending on 
application.
• This Technology Area includes:
– 3 level 2 technology areas 
– 55 technology candidates
• 23 enabling
• 36 enhancing
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TA 14: Technology Area Breakdown Structure 
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Technology Area 14
Candidate 
#
Design Reference Mission FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 FY34 FY35
Cooled Insulation for Reduced and Zero Boil-Off 14.1.1.4 6, 7, 8, 8a, 9, 9a
High-Capacity 20 Kelvin Cryocoolers 14.1.2.1 6, 7, 8, 8a, 9, 9a
High-Capacity Cryocoolers for In-Situ Manufacture of Cryogenic Fluids 14.1.2.3 9
Low-T, Low-Q Cryocoolers 14.1.2.4 Far IR Surveyor
Integrated Radiator/Cryocooler for Liquefaction 14.1.2.7 7, 9
Subcooling Cryogenic Propellants 14.1.2.8
Explorer Missions, 
Europa, New Frontiers 4
Freeze-Tolerant Heat Pipes 14.2.1.1 6, 8
Heat Transport Fluid 14.2.2.1 5 Crewed
Two-Phase Pumped Loop System 14.2.3.2
9, Discovery 14, Io 
Observer
Phase-Change Heat Exchanger - Phase Change Material Thermal 
Storage (Heat Sinks & Storage)
14.2.3.3
5 Crewed, New Frontiers 
4
Evaporative Cooling 14.2.3.4 9, 9a
Freezable/Stagnating Radiator (Variable Heat Rejection Radiator 
Technology)
14.2.3.5 5 Crewed
Variable-Geometry Radiators (Variable Heat Rejection Radiator 
Technology)
14.2.3.6 5 Crewed
Variable-Emissivity Radiator (Variable Heat Rejection Radiator 
Technology)
14.2.3.7 5 Crewed
Radiator Repair 14.2.3.8
5 Crewed, 6, 7, 8, 8a, 9, 
9a
80-250 Degrees © Variable Conductance Heat Pipe Radiator 14.2.3.9 9
DRM 6, 7, 8,
8a, 9, 9a, DRM 5 Crewed, 
Discovery 14, Explorer
New Frontiers 4, 
Io Observer
Technology Candidates Mapped to Missions 
They Enable (Development, Integration, Launch) TA 14
18
Development Integration Launch
Earliest Required Start Date Launch Dates in AMPMEarliest Technology Need Date Launch Dates not in AMPM
TA 14: Thermal Management Systems
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Planetary Lander Multi-Phase Thermal Control 14.2.3.10 Venus In-Situ
Rigid Ablative Thermal Protection System 14.3.1.1
5 Crewed, 6, 7, 8, 8a, 9, 
9a
Obsolescence-Driven Thermal Protection System Materials 14.3.1.2
5 Crewed, 6, 7, 8, 8a, 9, 
9a
Flexible/Deployable Thermal Protection System 14.3.1.3 9, New Frontiers 4
High Temperature Seals and Thermal Barriers 14.3.1.8 5 Crewed, 6, 7, 8, 8a, 9
Shock Radiation Modeling 14.3.2.2 8, 8a, 9, 9a
Radiometers/Spectrometers 14.3.3.1 5 Crewed, 6, 9, 9a
Technology Candidates Mapped to Missions 
They Enable (Development, Integration, Launch) TA 14
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Technology Area 14
Candidate 
#
Design Reference Mission FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 FY34 FY35
Cooled Insulation for Reduced and Zero Boil-Off 14.1.1.4 6, 7, 8, 8a, 9, 9a
Hi h-Cap city 20 Kelvin Cryoc olers .1.2. 6, 7, 8, 8a, 9, 9a
High-Capacity Cryocoolers for In-Situ Manufacture of Cryogenic Fluids .1.2.3 9
Low-T, Low-Q Cryocoolers .1.2.4 Far IR Surveyor
Integrat d Radiator/Cryocooler for Liquef ction .1.2.7 7, 9
ub ooling Cryogenic Propellants .1. .8
Explorer Missions, 
Europa, New Frontiers 4
Freeze-Tolerant Heat Pip s .2.1. 6, 8
Heat Transport Fluid 14.2.2.1 5 Crewed
Two-Phase Pumped Loop System 14.2.3.2
9, Discovery 14, Io 
Observer
Phase-Change Heat Exchanger - Phase Change Material Thermal 
Storage (Heat Sinks & Storage)
14.2.3.3
5 Crewed, New Frontiers 
4
Evaporative Cooling 14.2.3.4 9, 9a
Freezable/Stagnating Radiator (Variable Heat Rejection Radiator 
Technology)
14.2.3.5 5 Crewed
Variable-Geometry Radiators (Variable Heat Rejection Radiator 
Technology)
14.2.3.6 5 Crewed
Variable-Emissivity Radiator (Variable Heat Rejection Radiator 
Technology)
14.2.3.7 5 Crewed
Radiator Repair 14.2.3.8
5 Crewed, 6, 7, 8, 8a, 9, 
9a
80-250 Degrees © Variable Conductance Heat Pipe Radiator 14.2.3.9 9
DRM 6, 7, 8,
8a, 9, 9a, DRM 5 Crewed, 
Discovery 14, Explorer
New Frontiers 4, 
Io Observer
Development Integration Launch
Earliest Required Start Date Launch Dates in AMPMEarliest Technology Need Date Launch Dates not in AMPM
TA 14: Thermal Management Systems
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Example Technology Candidate
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Technology Candidate Snapshot
TA 14: Goals and Sub-Goals
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Cryogenic Technology Candidates –
Passive Thermal Control
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Cryogenic Technology Candidates 
–Active Thermal Control
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Mid-temperature Technology 
Candidates –Heat Acquisition 
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Table 6. TA 14.2.1 Technology Candidates – not in priority order
Mid-temperature Technology 
Candidates –Heat Transport 
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Table 7. 14.2.2 Technology Candidates – not in priority order
Mid-temperature Technology Candidates 
–Heat Rejection and Storage 
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Table 8.  TA 14.2.3 Technology Candidates – not in priority order
Thermal Protection Systems 
Technology Candidates – Ascent/Entry
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Table 10. TA 14.3.1 Technology Candidates – not in priority order
Thermal Protection Systems Technology 
Candidates – Modeling and Simulation 
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Thermal Protection Systems Technology 
Candidates – Sensors and Measurement 
Systems 
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Table 12. TA 14.3.3 Technology Candidates – not in priority order
Conclusion
• NASA Technology Roadmaps are instrumental in managing NASA’s technology portfolio
• Identified needed technologies based on future missions identified by SMD, HEOMD, and ARMD
• Capability driven 
• Created by NASA’s senior SME’s with broad input from practitioners
• Overview of the 2015 NASA Technology Roadmaps
– Incorporated feedback from other government agencies, commercial sector and 
academia to improve development process and use with portfolio analysis.
– Incorporated NRC recommendations from 2012 review 
– Expanded and enhanced from 2012 roadmaps
– 2015 Roadmaps now Include crosscutting section and indexes
– Very broad participation in update of technology roadmaps
– Positive feedback on updated roadmaps
• NASA uses roadmaps frequently
– Basis for portfolio prioritization
– Portfolio analysis 
– Assessments and evaluations
– Communication and partnership discussion
– Solicitations
– TechPort – communication of technology portfolio to the public
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http://www.nasa.gov/offices/oct/home/roadmaps/index.html
